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the last impinger and cap the impinger. If a
flexible line is used between the first im-
pinger and the filter holder, disconnect it at
the filter holder and let any condensed water
drain into the first impinger. Wipe off any
silicone grease and cap the filter holder out-
let and the impinger inlet. Ground glass
stoppers, plastic caps, serum caps, Teflon
tape, Parafilm, or aluminum foil may be
used to close these openings. Transfer the
probe and filter/impinger assembly to the
cleanup area. This area should be clean and
protected from the weather to minimize
sample contamination or loss. Inspect the
train prior to and during disassembly and
note any abnormal conditions. Treat samples
as follows:

8.2.1 Container No. 1 (Optional; Filter
Catch for Particulate Determination). Same
as Method 5, Section 8.7.6.1, Container No. 1.

8.2.2 Container No. 2 (Optional; Front-
Half Rinse for Particulate Determination).
Same as Method 5, Section 8.7.6.2, Container
No. 2.

8.2.3 Container No. 3 (Knockout and Acid
Impinger Catch for Moisture and Hydrogen
Halide Determination). Disconnect the
impingers. Measure the liquid in the acid and
knockout impingers to ±1 ml by using a
graduated cylinder or by weighing it to ±0.5
g by using a balance. Record the volume or
weight of liquid present. This information is
required to calculate the moisture content of
the effluent gas. Quantitatively transfer this
liquid to a leak-free sample storage con-
tainer. Rinse these impingers and connecting
glassware including the back portion of the
filter holder (and flexible tubing, if used)
with water and add these rinses to the stor-
age container. Seal the container, shake to
mix, and label. The fluid level should be
marked so that if any sample is lost during
transport, a correction proportional to the
lost volume can be applied. Retain rinse
water and acidic absorbing solution blanks
to be analyzed with the samples.

8.2.4 Container No. 4 (Alkaline Impinger
Catch for Halogen and Moisture Determina-
tion). Measure and record the liquid in the

alkaline impingers as described in Section
8.2.3. Quantitatively transfer this liquid to a
leak-free sample storage container. Rinse
these two impingers and connecting glass-
ware with water and add these rinses to the
container. Add 25 mg of sodium thiosulfate
per ppm halogen anticipated to be in the
stack gas multiplied by the volume (dscm) of
stack gas sampled (0.7 mg/ppm-dscf). Seal
the container, shake to mix, and label; mark
the fluid level. Retain alkaline absorbing so-
lution blank to be analyzed with the sam-
ples.

NOTE: 25 mg per sodium thiosulfate per
ppm halogen anticipated to be in the stack
includes a safety factor of approximately 5
to assure complete reaction with the
hypohalous acid to form a second Cl¥ ion in
the alkaline solution.

8.2.5 Container No. 5 (Silica Gel for Mois-
ture Determination). Same as Method 5, Sec-
tion 8.7.6.3, Container No. 3.

8.2.6 Container Nos. 6 through 9 (Reagent
Blanks). Save portions of the absorbing re-
agents (0.1 N H2SO4 and 0.1 N NaOH) equiva-
lent to the amount used in the sampling
train; dilute to the approximate volume of
the corresponding samples using rinse water
directly from the wash bottle being used.
Add the same ratio of sodium thiosulfate so-
lution used in container No. 4 to the 0.1 N
NaOH absorbing reagent blank. Also, save a
portion of the rinse water alone and a por-
tion of the acetone equivalent to the amount
used to rinse the front half of the sampling
train. Place each in a separate, prelabeled
sample container.

8.2.7 Prior to shipment, recheck all sam-
ple containers to ensure that the caps are
well-secured. Seal the lids of all containers
around the circumference with Teflon tape.
Ship all liquid samples upright and all par-
ticulate filters with the particulate catch
facing upward.

9.0 Quality Control

9.1 Miscellaneous Quality Control Meas-
ures.

Section Quality control measure Effect

8.1.4, 10.1 .......................... Sampling equipment leak-check and cali-
bration.

Ensure accurate measurement of stack gas flow rate,
sample volume.

11.5 .................................... Audit sample analysis .............................. Evaluate analyst’s technique and standards prepara-
tion.

9.1 Volume Metering System Checks.
Same as Method 5, Section 9.2.

10.0 Calibration and Standardization

NOTE: Maintain a laboratory log of all cali-
brations.

10.1 Probe Nozzle, Pitot Tube Assembly,
Dry Gas Metering System, Probe Heater,

Temperature Sensors, Leak-Check of Meter-
ing System, and Barometer. Same as Method
5, Sections 10.1, 10.2, 10.3, 10.4, 10.5, 8.4.1, and
10.6, respectively.

10.2 Ion Chromatograph.
10.2.1 To prepare the calibration stand-

ards, dilute given amounts (1.0 ml or greater)
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of the stock standard solutions to conven-
ient volumes, using 0.1 N H2SO4 or 0.1 N
NaOH, as appropriate. Prepare at least four
calibration standards for each absorbing rea-
gent containing the three stock solutions
such that they are within the linear range of
the field samples.

10.2.2 Using one of the standards in each
series, ensure adequate baseline separation
for the peaks of interest.

10.2.3 Inject the appropriate series of cali-
bration standards, starting with the lowest
concentration standard first both before and
after injection of the quality control check
sample, reagent blanks, and field samples.
This allows compensation for any instru-
ment drift occurring during sample analysis.
The values from duplicate injections of these
calibration samples should agree within 5
percent of their mean for the analysis to be
valid.

10.2.4 Determine the peak areas, or
height, of the standards and plot individual
values versus halide ion concentrations in
µg/ml.

10.2.5 Draw a smooth curve through the
points. Use linear regression to calculate a
formula describing the resulting linear
curve.

11.0 Analytical Procedures

NOTE: the liquid levels in the sample con-
tainers and confirm on the analysis sheet
whether or not leakage occurred during
transport. If a noticeable leakage has oc-
curred, either void the sample or use meth-
ods, subject to the approval of the Adminis-
trator, to correct the final results.

11.1 Sample Analysis.
11.1.1 The IC conditions will depend upon

analytical column type and whether sup-
pressed or non-suppressed IC is used. An ex-
ample chromatogram from a non-suppressed
system using a 150-mm Hamilton PRP-X100
anion column, a 2 ml/min flow rate of a 4 mM
4-hydroxy benzoate solution adjusted to a pH
of 8.6 using 1 N NaOH, a 50 µl sample loop,
and a conductivity detector set on 1.0 µS full
scale is shown in Figure 26–2.

11.1.2 Before sample analysis, establish a
stable baseline. Next, inject a sample of
water, and determine if any Cl¥, Br¥, or F¥

appears in the chromatogram. If any of these
ions are present, repeat the load/injection
procedure until they are no longer present.
Analysis of the acid and alkaline absorbing
solution samples requires separate standard
calibration curves; prepare each according to
Section 10.2. Ensure adequate baseline sepa-
ration of the analyses.

11.1.3 Between injections of the appro-
priate series of calibration standards, inject
in duplicate the reagent blanks, quality con-
trol sample, and the field samples. Measure
the areas or heights of the Cl¥, Br¥, and F¥

peaks. Use the mean response of the dupli-

cate injections to determine the concentra-
tions of the field samples and reagent blanks
using the linear calibration curve. The val-
ues from duplicate injections should agree
within 5 percent of their mean for the anal-
ysis to be valid. If the values of duplicate in-
jections are not within 5 percent of the
mean, the duplicator injections shall be re-
peated and all four values used to determine
the average response. Dilute any sample and
the blank with equal volumes of water if the
concentration exceeds that of the highest
standard.

11.2 Container Nos. 1 and 2 and Acetone
Blank (Optional; Particulate Determina-
tion). Same as Method 5, Sections 11.2.1 and
11.2.2, respectively.

11.3 Container No. 5. Same as Method 5,
Section 11.2.3 for silica gel.

11.4 Audit Sample Analysis.
11.4.1 When the method is used to analyze

samples to demonstrate compliance with a
source emission regulation, a set of two EPA
audit samples must be analyzed, subject to
availability.

11.4.2 Concurrently analyze the audit
samples and the compliance samples in the
same manner to evaluate the technique of
the analyst and the standards preparation.

11.4.3 The same analyst, analytical re-
agents, and analytical system shall be used
for the compliance samples and the EPA
audit samples. If this condition is met, dupli-
cate auditing of subsequent compliance anal-
yses for the same enforcement agency within
a 30-day period is waived. An audit sample
set may not be used to validate different sets
of compliance samples under the jurisdiction
of separate enforcement agencies, unless
prior arrangements have been made with
both enforcement agencies.

11.5 Audit Sample Results.
11.5.1 Calculate the concentrations in mg/

L of audit sample and submit results fol-
lowing the instructions provided with the
audit samples.

11.5.2 Report the results of the audit sam-
ples and the compliance determination sam-
ples along with their identification numbers,
and the analyst’s name to the responsible en-
forcement authority. Include this informa-
tion with reports of any subsequent compli-
ance analyses for the same enforcement au-
thority during the 30-day period.

11.5.3 The concentrations of the audit
samples obtained by the analyst shall agree
within 10 percent of the actual concentra-
tions. If the 10 percent specification is not
met, reanalyze the compliance and audit
samples, and include initial and reanalysis
values in the test report.

11.5.4 Failure to meet the 10 percent spec-
ification may require retests until the audit
problems are resolved. However, if the audit
results do not affect the compliance or non-
compliance status of the affected facility,
the Administrator may waive the reanalysis
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requirement, further audits, or retests and
accept the results of the compliance test.
While steps are being taken to resolve audit
analysis problems, the Administrator may
also choose to use the data to determine the
compliance or noncompliance status of the
affected facility.

12.0 Data Analysis and Calculations

NOTE: Retain at least one extra decimal
figure beyond those contained in the avail-
able data in intermediate calculations, and
round off only the final answer appro-
priately.

12.1 Nomenclature. Same as Method 5,
Section 12.1. In addition:

BX¥ = Mass concentration of applicable ab-
sorbing solution blank, µg halide ion
(Cl¥, Br¥, F¥)/ml, not to exceed 1 µg/ml
which is 10 times the published analyt-

ical detection limit of 0.1 µg/ml. (It is
also approximately 5 percent of the mass
concentration anticipated to result from
a one hour sample at 10 ppmv HCl.)

C = Concentration of hydrogen halide (HX)
or halogen (X2), dry basis, mg/dscm.

K = 10¥3 mg/µg.
KHCl = 1.028 (µg HCl/µg-mole)/(µg Cl¥/µg-

mole).
KHBr = 1.013 (µg HBr/µg-mole)/(µg Br¥/µg-

mole).
KHF = 1.053 (µg HF/µg-mole)/(µg F¥/µg-mole).
mHX = Mass of HCl, HBr, or HF in sample, ug.
mX2 = Mass of Cl2 or Br2 in sample, ug.
SX¥ = Analysis of sample, ug halide ion (Cl¥,

Br¥, F¥)/ml.
Vs = Volume of filtered and diluted sample,

ml.

12.2 Calculate the exact Cl¥, Br¥, and F¥

concentration in the halide salt stock stand-
ard solutions using the following equations.

µ

µ

g Cl ml g of NaCl

g Br ml g of NaBr

−

−

= × ×

= × ×

/ .453/ .44

/ . / .

10 35 58

10 79 904 102 90

3

3

Eq.  26A-1

Eq.  26A-2

µg F ml g of NaF− = × ×/ . / .10 18 998 41 993 Eq.  26A-3
12.3 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop.

See data sheet (Figure 5–3 of Method 5).
12.4 Dry Gas Volume. Calculate Vm(std) and adjust for leakage, if necessary,

using the equation in Section 12.3 of Method 5.
12.5 Volume of Water Vapor and Moisture Content. Calculate the volume of

water vapor Vw(std) and moisture content Bws from the data obtained in this meth-
od (Figure 5–3 of Method 5); use Equations 5–2 and 5–3 of Method 5.

12.6 Isokinetic Variation and Acceptable Results. Use Method 5, Section 12.11.
12.7 Acetone Blank Concentration, Acetone Wash Blank Residue Weight, Par-

ticulate Weight, and Particulate Concentration. For particulate determination.
12.8 Total µg HCl, HBr, or HF Per Sample.

m K V S BHX HC Hbr HF s X X
= −( )− −1, , Eq.  26A-4

12.9 Total µg Cl2 or Br2 Per Sample.

m V S BX s X X2 = −( )− − Eq.  26A-5

12.10 Concentration of Hydrogen Halide or
Halogen in Flue Gas.

C K m VHX X m std= ( ), /2 Eq.  26A-6

12.11 Stack Gas Velocity and Volumetric
Flow Rate. Calculate the average stack gas
velocity and volumetric flow rate, if needed,
using data obtained in this method and the
equations in Sections 12.3 and 12.4 of Method
2.

3.0 Method Performance

13.1 Precision and Bias. The method has a
possible measurable negative bias below 20
ppm HCl perhaps due to reaction with small
amounts of moisture in the probe and filter.
Similar bias for the other hydrogen halides
is possible.

13.2 Sample Stability. The collected Cl-
samples can be stored for up to 4 weeks for
analysis for HCl and Cl2.

13.3 Detection Limit. A typical analytical
detection limit for HCl is 0.2 µg/ml. Detec-
tion limits for the other analyses should be
similar. Assuming 300 ml of liquid recovered
for the acidified impingers and a similar
amounts recovered from the basic impingers,
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and 1 dscm of stack gas sampled, the analyt-
ical detection limits in the stack gas would
be about 0.04 ppm for HCl and Cl2, respec-
tively.

14.0 Pollution Prevention, [Reserved]

15.0 Waste Management, [Reserved]
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17.0 Tables, Diagrams, Flowcharts, and Validation Data

METHOD 27—DETERMINATION OF VAPOR TIGHT-
NESS OF GASOLINE DELIVERY TANK USING

PRESSURE VACCUUM TEST

1.0 Scope and Application

1.1 Applicability. This method is applica-
ble for the determination of vapor tightness
of a gasoline delivery collection equipment.

2.0 Summary of Method

2.1 Pressure and vacuum are applied al-
ternately to the compartments of a gasoline
delivery tank and the change in pressure or
vacuum is recorded after a specified period of
time.
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